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Thank you very much. | would like to thank the organisers for inviting me to come to this mesting, it'sa
vey interesting format.

| would like to talk to you today about the research that we have been conducting for about the last 10
years. The principa objective when we started, and continuing today, has been to make inexpensive, ora
vaccines that will be suitable especidly for the developing world, but aso of course for the developed
world.

I'll give the conclusion first. At the end of a decade's worth of work we have completed three human

clinicd trids. In every case, we have sarted our human dinicd triasby bringing genetically modified food,
in this case transgenic potatoes, to aclinicd dte where the human trids can be conducted. All of our trids
have been conducted with thefull approva of the U.S. Food and Drug Adminigtration (FDA), following the
standard regulatory approvasfor any new experimental drug. Of thetridsthat we have conducted, two of
them have been a the Nationa Vaccine Testing Centre, which inthe U.S. isone of our specidity research

centres for ord vaccines. We aso have conducted oretrid, in this case for hepdtitis B vaccines, a the
Rosswdl Park Centrein Buffalo, New Y ork.

Weve done successful clinical tridsfor two prototype vaccinesto prevent diarrhoea. |none case bacterid
and in the other casevirdl. In every case we dart the experiment in Batimore. In this caseit’ s the head
nurse that initiated the experiment. She brought her potato peeler to work, peeled the potatoes and diced
them up. We washed them, put them in alittle plastic bag and that's the means of dispensing the vaccine.
The human volunteer in this case smply sat and ate about 100 grams of raw potatoes.

We have now had atotd of 82 human volunteersin the various experiments. The number islargely chosen
dueto cost issues. If nothing esethese tridsarefairly expensiveto conduct. Thevolunteersesat either 50
grams or 100 grams of our transgenic potatoes. Weve never seen an adverse effect and in every case
we've seen humerd and mucosa immune responses.

Stepping back to where we were about a decade ago, how do we cregte these plantsin the first place?
Well, we are using standard technology, such things that are done in good high school biology labs these
days, by cloning agene and in our particular case the gene of choice was the hepatitis B surface antigen.
Now why did we choose that gene? It isthe genethat is used for the commercid vaccine, whichissoldin
mogt parts of theworld. However, it isnot widely used in dl parts of theworld. It isnot used herein the
UK because the cost benefit andysis has not caused the British Heglth Authorities to demand hepatitis B
immunisation. Inthe U.S. it isarequired paediatric vaccine for immunisation; so for kids at schools and
colleges have to have their hepatitis B immunisation. At the present time the hepatitis B surface antigen
product isthe gold standard for the new generation of recombinant vaccineswhich redly sarted inthemid-
1980s. Itisincredibly safe, itsvery effective, and the commercia vaccinetoday isproduced inyesest. Itis
grown in fermentation, and then there is about a 12- step purification processwhich resultsinthe U.S. of a
single dose of the hepatitis B vaccine being about 75 dollarsadose. Since our government agenciesor our



insurance systems pay for it, 75 dollarsisn't bad.

If you think about getting these modern vaccinesto the devel oping world, however, you have got to look at
what vaccinesarewiddy used around the globe and agood measuring point isthe meed esvaccine, whichis
not globally available because of cost. Meades vaccines cost 10 cents adose and that is sort of a good
bench mark established by the World Hedlth Organisation asacost leved that you haveto get below if you
are going to have penetration on agloba basis.

We have very good ways of making hepdtitis B vaccine today that gives us aproduct that is affordable in
the U.S,, Europe, Japan, but it does not get to 40% of the world’ s population even with alarge amount of
philanthropy by the Gates Foundation and many other organisations. 40% of theworld's population doesn't
get this effective vaccine because of cost. So because of those two

reasonswe decided to put the geneingtead of into yeast transferred into aplant cell and then regeneratethe
plant.

Now one of the beaties of transgenic plantsisthat they do arise from asingle cell receiving agene, and
then that gene becomes implanted in the chromosome and so every cdll of the resulting plant contains that
new gene and every cdll therefore has the capacity to manufacture that new protein. What we have done
(this happens to be potatoes now) was transfer genes into potatoes in our

first experiments, and then grew the potatoes, harvested some potatoes, fed them to mice, went through al
the preclinica trids and showed that, in fact, they were ordly active when they consumed thisfood. That
was without any processing step whatsoeve.

We presented that datato the FDA inthe U.S. It took usabout six monthsto get thefirst approvd, that'sa
farly long time for a vaccine. But the FDA had never seen a product like this before, none of our
production technology fit with standard protocols. It redly took a clever person within the FDA to say
welve been using the wrong forms, we've been looking at dl the forms for drug gpprovd, thisis afood
additive, letslook at food additive regulations. Once that was recognised a couple of monthslater we did
get approvad to go through this process and, of course, we've not seen any adverse effects, weve only seen
positive effects from it.

We had human volunteers eat our potatoes. |If they eat al norma potatoes of course nothing happens.
Two doses gave aresponse, but three doses of potatoes gave avery, very substantial response. | won't
bore you with the detail sasit happened to beaboosting trid for avariety of technical reasonswedid it that
way. But the smple point was that we can now get a very good immune response in humans with a
transgenic potato which containsasingle protein of the hepatitis B virus, the same protein which you receive
normally by aninjection in your am. We have done the same experiments now for two other diarrhoedl
vaccines with the same sort of data, so we have been able to successfully immunise humans. That'sall the
data that I'm going to give you on the scientific Sde of the immunisation and creation of these plants.

| garted this with a naive notion that once we had got this technology in place we could take a plant
materid, not raw potatoes but aplant materia, and distributeit on aglobal basisas some sort of vaccine. |
naively early on had an image of a village banana tree where people would go to get immunised. Asl



began, and I'm aplant biologist who came out of aagricultura background, spesking withthefolkswho are
involved inthe pharmaceutica industry, it became abundantly obviousthat weweren't going to get alicence
for our productsif we go that way, and we have to ded with dosage issues, timing issues, and we had to
treat thisasamedicd product. Soweve switched gearsin thelast two or three years and began to focus
our energy on aspects of production of the vaccine and processing to make a stable product, antigen

gability, shelf lifefor the materid. If you're going to load it onto aboat and tekeit up the Congo River, for
indance, isit going to be gable, isit going to arive in good shape?

This aspect of shdf lifeisamgor limiting factor for current vaccines, which need to be refrigerated from
point of manufacture to point of use. What we aretrying to do is get rid of what's caled the cold chain, or
the requirement for arefrigeration step, because often times just the refrigeration component costs more
than the actual vaccine does when you are taking these products

into remote parts of the world

Now aswe get into these issues of production and processing I've begun aso to focus my energy on how
we are going to get these thingslicensed inthe U.S. Thisisnot because | think that the U.S. isgoing to be
the primary placefor it to be done, but as1'll come back to you in the end, we want to make sure that we
can get regulatory approva inthe U.S. so that we aren't accused of taking these materias some placeelse
and experimenting on poor people in poor countries.

We have participated now with USDA and FDA, which is actively involved in the development of new
regulations on plant based manufacture of macro-molecular drugs. Severa people from our group
participated at thefirst conferencein lowa, which wasjointly sponsored by USDA and FDA. After that,
various actionsand work committeeswere established which are till operating. Theearly products, which
the action committees are consdering, are plant-based manufacturing, first for monoclond anti-bodies, for
which there are now or at least potentidly at least Sx products in human clinicd trids, most of them are
monoclonals, which areintended to be used for cancer therapy. | can come back to why plantsif someone
isinterested in that later with respect to monoclond anti-bodies.

The next products which will probably hit the regulatory entry point will bevaccinesfor animd agriculture
and | would anticipate we are doing some of this research. The first products here will be going in for
licenseinthenext twotothreeyears. Therefore, thereisapressurepoint inthe U.S. to get thisregulaionin
place to dedl with these new commercid productsthat will be entering the product stream. FDA regulates
human vaccines and USDA regulates animal vaccines in the U.S. FDA is preparing for alicense or a
procedure that we would like to take through sometime in the next two to three years.

Now there are variousissuesthat remain that have to be established, and one of the principa onesiswhen
does manufacturing start? When do we dedl with good manufacturing practice? Which is the regulatory
framework to ensure the way and the qudity that a product is regulated through the manufacturing?

Let me step back now, our red god in dl thisisto develop inexpensive vaccines where the
manufacturing capability could be donein the developing world. We don't want to develop atechnology
that requires complex chromotography, protein purification and al the halmarks of highly sophigticated
vaccine manufacture asits conducted in the U.S,, in Europe and various other parts of the world.



So if we are starting with plant materia our god has been to take technology that dready exidts, and in
particular food process ng techniques such asfreeze drying, dehydrating, juicing, spray drying, and pulping.
Bananapureeisapulping processthisisfreeze dried tomato juice, dry bananadicesinstant mash potatoes.
These are technologies that are in place today and are used around the

world. Let me give you the specific example of potatoes. We are not going to try to get little kids in the
developing world to eat raw potatoes, that's pointless, but the technology easily exists today to make
something equivalent to ingtant mash potatoes.

I'll use U.S. examples not because thisistheway | think this should be done but rather the examples are
there. Any potatoesthat go into this sort of process products are contract produced. A company works
with afarmer and contracts for a specific type of potato to be grown. They can harvest and store those
productsfor up to 12 months. Oncethey get ready for processing they wash them. Theway that potatoes
are peded in most parts of theworld for industrial processing isto smply drop theminto caugticlye. It just
burns off the ped and you end up with apeded potato very nicdy without damaging any interior part of the
potato and then its washed and neutralised and then diced and ground and in some cases freeze-dried to
make this sort of a product.

What we have proposed in working with the regulatory agenciesisthat good manufacturing would start at
thispoint. It'salogicd point to start where you could use agricultura technology and down stream from
that you would follow standard protocols that would be used in the pharmaceutica industry, except that
now with a different type of product.

To test thiswe have adso generated transgenic tomatoeswith dl of our different vaccines. This experiment
was conducted in collaboration with individuds a the Corndl Food Science Department. In our
greenhouses at the Boyce Thompson Ingtitute we had 30 tomato plants last summer. Once aweek we
would go through and harvest ripe tomatoes. We would wash them, walk down the street and load them
into this prototype industria mixer/dicer which isin the food science department, grind them up, teke the
tomato puree that came out of it, pour it into stainless sted trays to be pre-cooled, and didetheminto an
indugtria freeze dryer. It took about three daysto dry them down.

From 30 plants, and a once a week collection of materia, we generated 4,000 doses of a hepatitis B
vaccine with 2 milligrams of hep B surface antigen per dose. We know that is accurate from our human
clinicd trids at that level of vaccine. | don't know exactly what that particular experiment cost us but we
can make some calculations of cost based upon processing tomato technology. Now theseareagain U.S.
costs, just because | wanted to take a bench mark. | can guarantee you this

would be much lower if we were doing it in Bangladesh or Cambodia or Brazil or other parts of the
world. IntheU.S. wegrow tomatoes primarily for fresh market tomatoesor processing tomatoesand since
we areredly deding with processng issues herelet mefocuson this. At thefarmersgate, thefarmer gets
about $54 per tonne, that isabout 5 cents per kg of the actual tomato. Based upon thelevelsof expression
that welve got and thus far without findly optimising the materid, that

means that we can produce 4 doses or 8 mg of hep B vaccine for one cent. | think that we are

dready down a factor of 10 over other manufacturing techniques. Now | will emphasise that these
caculaionsthat I've put here exclude any cost of processing, quality assurance package etc.



| want to make my disclamers. What I'm trying to say isthat the initid starting point in this can be very
inexpensveand itsour obligation now to devel op the next stepsin these, including quality assurancetesting
to make sure that we keep the costslow. Some of you may have heard me speak before. | have for the
last eight years been dedicated to trying to do thiswith bananas. Bananas are an extremely difficult crop.
When we gtarted with bananasin 1992, no one had ever put agene into bananasno oneever cloned agene
from bananas. There were no promoters for the fruits, there was nothing.

We havenow built amolecular tool box that containsal theeements. We have proved that last summer by
harvesting blue bananas, which isirrelevant from the vaccine point of view. What wedid, however, was put
in agenethat causes ablue dyeto accumulate in thistissue, and so we can show that it in fact works. We
had quite acdebration. We recently published this, and we were runningaround saying "yeswe have blue
bananas’ and dl that.

We have the technology, why would we want to do that? Well, bananas are grown in most developing
countries of the tropics and semi-tropics. Bananas are a crop that is mae-sterile, so it doesn't produce
pollen, it doesn't out-cross, it is a crop that is esten uncooked, uncooked is very important as al the
vaccinesthat we are dedling with would be destroyed in the cooking process. Ladlly it isafood that isvery
mild or bland in its taste and is very often given to young children.

We can imagine now aswe are moving into the next step in our banana project we could develop process
technology for making abanana baby food puree, based upon extracts of our levels of expression thusfar.
We could probably get 10 doses of vaccinein our baby food jar of that size, soit’ sabout atablespoon per
doseif things continue to work as well as they have with potatoes and tomatoes. Or, of course, we can

samply ped the materid and dry it and make banana chips, which

could be ground up into a powder.

Let me end up with our strategy of where we think we are going with this technology. We at the present
time are focusing on getting at least one plant-based oral vaccinelicensedinthe U.S. and | hopeto do that
with an ord hep B vaccine. For avariety of reasons. Weve got avery good

vaccine on the market which is injectable and we can use various rules of equivaence where there
isagood bench mark for what sort of immune response you need to get a protectiveimmunity. Soweve
got alot of good reasonsfor doing that. \We want to do that in the U.S. because | just want to make sure
that we can prove that this works in the U.S. Secondly, we are co-operating with scientigts in other
countries to develop pardle technology. My colleaguesin Irgpuato, Mexico, are Migud Gomez Limb, in
particular, and his colleagues. We have worked together jointly for the last 9x years now on developing
pardle technology and the labs now have plants with a variety of edible vaccines.

We believe that this technology will be developed in a number of other countries. There is dso active
research going onin Chinaand Indiain the same areas, and we have someinteraction with their reseerchers.

We dso want to conduct human dlinicd trids in internationa locations. We have established trids in
Cuarnavaca Mexico where there is a very good vaccine immunology group and so we can vaidate and
extendthestudiesinadifferent location And lastly we are co-operating and collaborating with international
groups especialy the World Hedth Organisation. A group of usorganised ameeting about ayear and half



ago in Genevarto review the current Sate of this technology and work with themto bring the folks up to
speed in Geneva, and to let them know what sort of technology advancements are coming. Three weeks
ago in Washington there was another meeting that the World Hedlth Organisation a so sponsored and part
of the meeting dedlt with these issues.

Let meend upwithavison, itsredly pretty smple. Wewant to create atechnology that will dlow vaccine
manufacturein the developing world. | probably should have started with this, but | think that most of you
know, and let me remind you anyway, dmost al of the vaccinesthat are used today throughout the world
aremanufactured inthe U.S. or Europeor in the developed world. They are sold or given or subsidised as
they get to the developing world.

| believein philanthropy. | think it'sfantastic but it'sinherently unsustainable because philanthropic interests
change over time. TheBill and Mdinda Gates Foundation is probably the largest group right now buying

vaccinesfor ddivery. They aregoing to changetheir interest over time and probably want to do something
else. Our redl drategy should beto develop research that will be transferable so that developing countries
can begin producing their own vaccines. It then becomesan economic incentive, createsjobs, employmernt,
and awedth generator, and becomes part of the economic stability of the country to maintain apublic hedth
system. It aso reduces their dependency on internationa philanthropy and increases their own pride in

public health systems.

So | think a sugtainable vaccine programme requires transferring manufacturing technology into the

developing world.

In addition to this, what we are doing is cregting more ord vaccines for the prevention of a variety of

diseases, which are under met vaccinesand are not devel oped right now, in particular diarrhoea. Thisisnot
abig problem in the U.S. and Europe so we don't spend much money investing in these vaccines. If they
are going to be practical, vaccines will need to be used frequently, probably boosted once every two to
three years, maybe even once a year, and we've got to find ways to cut the cost to do that. And lastly |

believethat thistechnology will be used to makeinexpensve and effective animd vaccines, whichisgoingto
improve food safety and reduce the requirement for things like antibiotic use in the food supply.

With that I'll stop, thank you very much.



